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Protected areas (PAs) are at the forefront of conservation efforts, and yet despite
considerable progress towards the global target of having 17% of the world’s
land area within protected areas by 2020, biodiversity continues to decline.
The discrepancy between increasing PA coverage and negative biodiversity
trends has resulted in renewed efforts to enhance PA effectiveness. The global
conservation community has conducted thousands of assessments of protected
area management effectiveness (PAME), and interest in the use of these data to
helpmeasure the conservation impact of PAmanagement interventions is high.
Here, we summarize the status of PAME assessment, review the published evi-
dence for a link between PAMEassessment results and the conservation impacts
of PAs, and discuss the limitations and future use of PAME data in measuring
the impact of PAmanagement interventions on conservationoutcomes.We con-
clude that PAME data, while designed as a tool for local adaptive management,
may also help to provide insights into the impact of PA management interven-
tions from the local-to-global scale. However, the subjective and ordinal
characteristics of the data present significant limitations for their application
in rigorous scientific impact evaluations, a problem that should be recognized
and mitigated where possible.1. Introduction
The convention on biological diversity (CBD) calls for the protection of 17% of
terrestrial area and 10% of the world’s oceans, through effectively and equitably
managed, ecologically representative and well-connected systems of protected
areas (PAs) and other effective area-based conservation measures, by 2020
(Aichi Target 11 [1]). Although PA coverage is approaching these percentage tar-
gets in many parts of the terrestrial and marine realms [2,3], global biodiversity is
still declining [4]. The fact that declines are also seen within many PAs [5,6]
emphasizes the need to enhance the effectiveness of existing PAs for conserving
biodiversity [7], in addition to increasing the area under protection [8,9].
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ventions on conservation outcomes has been impeded by a
lack of data [6]. The World Database on PAs [10] contains
basic PA characteristics such as location, size and management
category reported by national governments for more than
200 000 sites [3]. However, the collection of data on individual
management actions, outputs and outcomes of PAs, and out-
comes at matched, unprotected sites, which are required for
understanding PA impact, depends on reporting at the site
level, and is therefore very resource-intensive. The need for
national and regional datasets on PA management is reflected
in conservation policy; the CBD calls for: ‘ . . . Parties to . . .
expand and institutionalize management effectiveness assess-
ments to work towards assessing 60 per cent of the total
area of PAs by 2015 using various national and regional
tools, and report the results into the global database on man-
agement effectiveness. . .’ (CBD Programme of Work on
Protected Areas (PoWPA)) [11, p. 5].
Since the mid-1990s, various methodologies have been
developed for assessing PA management effectiveness
(PAME) [12–14]. Assessment data from all over the world
have now been collated in the Global Database for Protected
Area Management Effectiveness (GD-PAME; electronic sup-
plementary material, S1), which is summarized in this paper
and currently contains records of almost 18 000 PAME
assessments—the only global dataset on PA management. The
GD-PAME includes information about the methodologies
and indicators used, and records details of individual assess-
ments. It also reports PAME results under a set of headline
indicators (electronic supplementarymaterial, S2), standardizing
data from a wide range of methodologies [14].
PAME assessments were originally developed to support
adaptive management of PAs at site level and system level.
Their primary purposes were (i) to improve PA management
through information sharing and adaptive management;
(ii) to more effectively allocate resources to the PAs or the
management themes most in need (e.g. shifting attention to
law enforcement or pest plant management); (iii) to provide
accountability and reporting at local, national or internatio-
nal levels; and (iv) to increase community awareness of PA
management and issues.
The PAME assessments hold a wealth of information on
PA management efforts. They have been applied globally,
and use standardized methods for collecting management
data. Given this, the collated dataset provides a potentially
valuable resource for measuring and understanding the
impacts of PA management interventions. Impact evaluation
aims to understand the intended and unintended impacts
that are caused by an intervention [15], in this case, the
impact of PA management on biodiversity outcomes. Rigor-
ous scientific impact evaluation [16] requires a comparison
of observed PA outcomes in the presence of the management
intervention with the counterfactual, i.e. the outcomes that
would have occurred in the absence of the intervention.
Counterfactuals can be determined using either an exper-
imental or semi-experimental study design [17]. In general,
PAMEmethodologies collect neither quantitative data on bio-
diversity outcomes nor counterfactual data. However, PA
impact can be measured by applying quasi-experimental
methods to independently collected biodiversity data, and
PAME variables can then be used to investigate correlations
associated with the observed effect sizes. Analyses might
test hypotheses that improvements in PA management willresult in improvements in observed outcomes relative to the
counterfactual; for example, increases in PAME scores
might correlate with recovery of species populations that
are declining outside PAs. As an initial assessment of the
strengths and weaknesses of PAME datasets for evaluating
the impact of PA management on biodiversity outcomes,
we therefore:
(1) discuss the conceptual roots of PAME and to what extent
understanding management impacts forms part of the
rationale for the development of PAME;
(2) explore the different types of PAME assessment, includ-
ing how PAME methodologies capture information on
PA management and biodiversity outcomes, and the
users and uses of PAME to date;
(3) present available PAME datasets and discuss the regional
and ecological coverage of these data, measuring pro-
gress towards the CBD PAME targets;
(4) review the available evidence for a link between PAME
scores and PA management outcomes and impacts; and
(5) identify limitations and propose approaches for overcom-
ing them.
To standardize our use of terminology, we use the monitoring
and evaluation definitions of Mascia et al. [15].2. Conceptual roots of protected area
management effectiveness
Conceptually,most PAMEapproaches relate to the International
Union for Conservation of Nature World Commission on
Protected Areas (IUCN WCPA) framework [18], which is
based on the theory of change (ToC) [19] and the logic model
framework [20]. With these frameworks, evaluators construct a
model of reality, using pictures or words to understand the
relationships among the resources they have to operate their
programme, the activities they plan and the changes or results
they hope to achieve. PAME evaluations also have affinity to
the utilization-based evaluation approach [21], which focuses
on improving management rather than on gathering data for
its own sake. An important aspect of this philosophy is the rec-
ognition that the process of evaluation can itself bring about
improvements in practice. PAME methodologies are therefore
designed to capture information on management elements
hypothesized to contribute to biodiversity outcomes.
PAME assessments evaluate the management elements of
planning, inputs, processes, outputs and outcomes within an
assessed context. These elements form a results chain similar
to that of logic models, but are more often depicted as steps
around a management cycle (electronic supplementary
material, S3), to stress the feedback of information into an
adaptive management process. In an overview of approaches
to conservation monitoring and evaluation, Mascia et al. [15]
suggest that questionnaire-based PAME assessments should
be regarded as management assessments, which have a
focal question of ‘What are the management inputs, activities,
and outputs associated with a conservation intervention, and
how are these changing over time?’ However, IUCN gui-
dance on PAME [18, p. 39] stresses that ‘an important part
of the analysis of PAME data should be to identify the extent
towhichmeasured outcomes are due tomanagement interven-
tions or to other factors, which may be beyond a manager’s
(a) (b)
(c) (d )
Figure 1. Progress towards the 60% PAME assessment target of the CBD Programme of Work on Protected Areas, by (a) terrestrial territory of countries, (b) marine
territory of countries, (c) WWF biomes and (d ) WWF terrestrial ecoregions.
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or failure of management: without such an analysis, attempts
to improve performance may be ineffective’. The rationale for
PAME, while focused on facilitating effective management
rather than building a scientific evidence base, is therefore, in
part, to understand the impacts of PA management.3. Available protected area management
effectiveness data and methodologies
As of January 2015, 17 739 PAME assessments had been col-
lated in the GD-PAME, representing 9037 PAs, with 3666
sites having multiple assessments. Some 17.5% of countries
have already met the CBD PoWPA 2015 60% PAME
assessment target (figure 1a,b; methods in electronic sup-
plementary material, S4). Among major biomes (figure 1c
and electronic supplementary material, S4) and ecoregions
(figure 1d and electronic supplementary material, S4) [22],
the frequency of PAME assessment is highest in the tropical
forests, where 45% of PAs have been assessed. The PoWPA
target has been met for over 16% of all ecoregions (and 14%
of the WWF Global 200 ecoregions identified by WWF as
priorities for conservation).
Ninety-five PAME assessment methodologies are recorded
in the GD-PAME [12–14]. Most are self-assessment scorecards
that contain a number of questions scored against a Likert-type
[23] or ordinal scales to measure progress towards specific man-
agement standards, such as the existence of a management plan
or the adequacy of law enforcement activities. They also record
quantitative information, such as PA budget and staff numbers,
and information on perceived PA objectives and threats. The
most commonly used PAME tools contain few questions relatingto biological or social outcomes (table 1). PAME assessments are
often completed over 1–3 days by a group of PA stakeholders,
whomay include the PAmanagers and partners and sometimes
representatives from local government, local communities and
NGOs.
The most widely used PAME methodologies are the man-
agement effectiveness tracking tool (METT) [24] (completed
4046 times for 2045 PAs, with repeat assessments conducted
over different years available for 833 PAs); the New South
Wales State of Our Parks (SOP) methodology [25] (3552
times, 859 PAs, 764 repeats); and the Rapid Assessments and
Prioritization of Protected Area Management (RAPPAM) [26]
(2276 times, 1930 PAs, 322 repeats). For further details, see
electronic supplementary material, S5.4. Users and uses of protected area
management effectiveness methodologies
There has been a sustained increase in PAME assessments
since 1990, and three distinct periods of application are ident-
ified (figure 2). Until the mid-2000s, the development and
early adoption of the methodologies were primarily by
NGOs—especially WWF, who helped develop the METT
and RAPPAM tools to track progress towards goals in
improving PA management [24,27,28].
Subsequently, PAMEwas adopted as a performance evalu-
ation tool by funding agencies, such as the global environment
facility (GEF), with large PA project portfolios across many
countries [29]. The GEF requires that three METT assessments
be conducted in all fundedPAs over the course of aGEFproject,
and project performance is then measured in terms of the
change in overall METT score from baseline to final assessment.
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Figure 2. Application of PAME tools from 1990 to 2014, according to the implementing organization.
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agement owing to project interventions will have a positive
impact on biodiversity, based on commissioned studies which
found that increases in PAME scores were correlated with
improvements in biodiversity outcomes [30,31].
The past decade has seen an increase in assessments
led by national PA agencies and government ministries
(e.g. New South Wales and Victoria, Australia [32,33],
Colombia, South Korea [34] Finland [35] and Indonesia
[36]), largely driven by agency objectives to implement an
adaptive management approach, improve planning and
priority setting, and report on the status of PA management
at a national level [25]. This may also reflect the requirement
for countries to report to the CBD on Aichi Target 11 [1].5. Evidence for correlations between protected
area management effectiveness scores and
protected area outcomes and impacts
To assess how PAMEdata have been used in impact evaluation,
we reviewed the peer-reviewed literature (search methodology
and search terms; electronic supplementary material, S6) to
assess the current knowledge on the correlations between PA
management, as measured using PAME data, and biodiversity
outcomes measured by external methods. We reviewed 185
papers at the level of title and abstract, retaining 23 papers for
detailed review of the main text, which yielded a final set of
five peer-reviewed papers. Papers excluded at both stages
were (i) papers that did not employ a PAME methodology;
(ii) those that did not relate PAME results to a measure of
outcome or impact owing to the PA. Individual reasons for
exclusion of papers at the second-review stage are given in elec-
tronic supplementary material, S6. In addition, four ‘grey
literature’ reports were identified by searching online libraries
and web pages of agencies and organizations known to use
PAME assessment tools. This gave a total of nine studies for
further analysis, all from tropical developing countries, mostly
in Africa and Latin America (table 2).
Three studies used remotely sensed data on tree cover
change to measure the impact of PAs on deforestation rate,
using statistical matchingmethods to construct counterfactuals,
and then investigated correlations between PAME scores and
the size of the measured impacts [6–8]. The remaining sixstudies measured correlations between PAME and biodiversity
outcomes, using data collected in situ on changes in animal
populations, species distributions or expert assessments of the
state of biodiversity. Six of the nine studies focused on overall
management performance and used a single total PAME
score per site.
Five of the nine studies found a positive relationship
between PAME scores and biodiversity outcomes; the other
four, including the three studies that measured impact
using a counterfactual comparison, found no correlation
[37,41,42]. It remains unclear whether this lack of correlation
with the impact of PAs is real, meaning either that PA man-
agement has no impact on biodiversity outcomes, or more
plausibly that good management, as measured by PAME
scores, is necessary but not sufficient to ensure effective
conservation [37]. Alternatively, the lack of a relationship
may be owing to limitations related to small sample sizes,
PAME data characteristics and assessment process, or the
manner in which PAME data were used in the analysis.6. Overcoming constraints on the use of
protected area management effectiveness
data in impact assessment
Previous studies using PAME data for impact assessment have
suffered from small sample sizes. However, management data
are now collated and available for over 9000 PAs, predomi-
nantly in biodiverse tropical regions, potentially allowing for
more extensive analysis.
PAMEmethodologies are a usefulmanagement tool for PA
managers with a limited budget. However, they are unlikely
to fulfil the data requirements of robust impact evaluation.
Methodologies such as the METT and RAPPAM provide a
rapid and cost-effective means of communicating the effective-
ness of current management and changes in management
practices over time to managers and stakeholders. The
approach can be easily implemented across a wide range of
PA types. However, PAME tools use a relatively simple
subjective, ordinal scoring system with limited collection of
validating information or systematic auditing of results.
Furthermore, owing to the self-assessment nature of PAME
methodologies, the process used to gather expert knowledge
for PAME assessment has significant influences on the results
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assessments is not ring-fenced within project budgets, PAME
assessments may be conducted rapidly with the minimum
number of participants, reducing their robustness. The use of
PAMEmethodologies as performance indicators by some con-
servation donors may encourage funding recipients to deliver
overly positive self-assessments at the end of a project. To
improve the credibility of PAME scores, we suggest that stan-
dardized, robust operating guidelines need to be developed
and applied [45,46], including on the selection and training
of assessors (ensuring a range of expertise and views and stan-
dardized interpretation of indicators), on the format of the
assessment procedure (allowing for free debate), and on the
duration of the assessment (allowing for thorough deliberation
and peer review). Where assessments are conducted as part
of donor funding requirements, donors could insist on pro-
cedural standards being met and provide specific funding for
PAME assessments within project budgets.
Most previous analyses of PAME results in relation to
outcomes and impacts have calculated a total PAME score
for each PA (table 2), and used this total score as an indicator of
management performance. This provides a relatively crude
measure of effectiveness that may hide crucial differences in
aspects of management; for example, a PA with high scores
for budget and staffing questions but low scores for PA out-
reach and tourism questions would have the same overall
score as another PA where the opposite is true. We would
advise the use of aggregated and/or weighted scores for dif-
ferent elements of management (such as planning, inputs,
process and outputs), and excluding social and biological
outcome scores where independent, reliable, empirical data
on outcomes and (preferably) impact are available.
Current studies have generally relied upon one-off assess-
ments using PAME data and biodiversity outcome measures
from the same period. Static data on PA management may
hide important improvements or declines in management
over the time period being studied. In addition, the effects
of management interventions on outcomes of PAs will
rarely be instantaneous; for example, increases in hunted
mammal populations may only be measurable years after a
reduction in poaching has been achieved. Over 3600 PAs
globally now have repeat assessments held in the GD-
PAME, of which over 2100 PAs have been assessed three or
more times (although over 30% of these are from Australia).
Therefore, the impact of changes in management on biodiver-
sity outcomes could now be considered. Continued collection
of PAME data through repeat assessments from the same
PAs, leading up to and continuing after 2020, will be critical
to assemble a significant global time-series dataset.7. Potential use of protected area management
effectiveness for measuring and
understanding protected area impacts
The large amount of data now held in the GD-PAME provides
an opportunity to measure the impact of PA management on
biodiversity outcomes at the global scale. Suitable large-scale
datasets on biodiversity outcomes, such as changes in terres-
trial and marine species populations (e.g. living planet index
(LPI), [47]; The Sea Around Us [48] and Global Forest
Change [49]), as well as remote-sensed measures of change inhuman pressure, potentially allow the impacts of PAs to be
measured at a global scale, using quasi-experimental methods
to construct appropriate counterfactuals [50,51]. However,
these approaches consider only the effect of PA presence and
suggest that, whereas PAs are effective, effect sizes are often
small. Potentially, PAME data enable a further step, allowing
impact of improvements in PA management to be investiga-
ted. However, the use of global biodiversity data to assess
PA impacts only permits the assessment of outcomes for the
values represented by the data—these may not reflect the
main objectives for PAs.
Studies of the effects of PA management at the local or
system level can investigate whether specific management
interventions achieve desired management goals; studies
could focus, for instance, on the effect of a weed-eradication
programme, or law-enforcement efforts to reduce tiger
poaching. For rigorous impact evaluation, we would require
time-series data on the management interventions, together
with time-series data on expected outcomes (i.e. density of
weeds, tiger numbers) from both within the PA and an appro-
priate counterfactual. Some PAMEmethodologies such as SOP
do collect data on individual management interventions such
as pest control, as well as data on changes in specific outcomes
such as pest population estimates, but do not collect data
from appropriate counterfactuals. Data on counterfactuals
are unlikely to exist for many PAs, owing to budget, time
and staff constraints, and because counterfactual thinking is
not mainstream within the conservation community [16].
Measurement of the impacts of PAs relative to appropriate
counterfactuals may also be unnecessary for management pur-
poses in some cases. For example, strict law enforcement has
been critical in the recovery of tigers in Indian PAs since the
1970s, but there is limited potential for counterfactual analysis
because, in many areas, tigers are found only in PAs [52,53].
Even when quasi-experimental methods cannot be used to
assess impacts in comparisonwith appropriately selected coun-
terfactuals, instilling counterfactual thinking into adaptive
management processes is a useful way for park managers
and advisors to be more explicit about the assumptions they
aremaking, and the possible impacts that are caused by specific
interventions. SomePAME evaluations such as SOP are already
designed to foster counterfactual thinking, by asking PA man-
agers whether they consider changes in outcomes to be owing
to management interventions or external influences. In com-
parison, tools such as METT and RAPPAM that are relatively
weak at capturing outcome-level data (table 1) may benefit
from additional questions on outcomes and their causes.8. Conclusion
The establishment and management of PAs remain a primary
strategy for biodiversity conservation involving the investment
of substantial effort and resources by a wide range of insti-
tutions and stakeholders [54]. Over the past two decades,
attention has increasingly focused on assessing the effective-
ness of management in these sites [12,14], especially to
support adaptive improvements to management. The substan-
tial body of assessment results from these ongoing efforts has
been consolidated in the GD-PAME, which contains records
from around 10% of the world’s PAs, with higher proportions
within the biodiverse tropics. This database potentially pro-
vides an important dataset for investigating the overall
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management interventions on biodiversity outcomes.
Different monitoring approaches and tools will meet
different needs; there is no one monitoring and evaluation
approach that fits all conservation efforts [55]. The majority
of PAME methodologies have been designed to provide a
rapid assessment tool for adaptive management. PAmanagers
and other users of PAME assessments at the site and system
levels generally report that the assessment process and the
findings are useful [25,56]. PAME assessment is a valuable
management tool where the process is robustly implemented
[57], and information is interpreted within the context of
local decision-making [58]. PAME has also been used as a
way to instil a ‘learning culture’ within park management
agencies [59], and can further lead to the development of
nationally applicable standards, allowing greater national
ownership [36]. In addition, PAME data are, andwill continue
to be, an important dataset for reporting on progress towards
the management effectiveness element of Aichi Target 11.
Although not their primary purpose, PAME data have
been used for both performance and impact evaluation
(table 3). However, our review suggests that PAME method-
ologies may be of limited application in this regard. The
subjective and ordinal nature of the GD-PAMEdata, combined
with the paucity of data from appropriate counterfactuals,
means that the PAME data are not ideally suited to the needs
of scientific impact assessment. Unfortunately, given the reality
of limited PA budgets, capacity and staffing [60], it is unlikely
that, in the absence of stronger policy or other incentives,
PA authorities will prioritize collecting data for scientific
impact evaluation.Despite the above-noted challenges, we strongly believe
there is a continued need for rigorous scientific impact evalu-
ations of PAs and individual management interventions.
There is an emerging evidence base that PAs do work,
especially when they are well managed [50,61,62], but under-
standing what constitutes good management is an ongoing
challenge. The GD-PAMEprovides a global database on results
associatedwith keymanagement interventions, including time-
series data for an increasing number of sites. When suitably
combined with independent measures of PA impact that have
employed appropriate counterfactual methodologies, PAME
data can help increase our understanding of the impact of
aspects of PA management on conservation outcomes.
Data accessibility. Data used for the analyses presented in this paper can
be obtained from Naomi Kingston, Head of Programme, Protected
Areas Programme, UNEP-WCMC. E-mail: naomi.kingston@unep-
wcmc.org
Author contributions. Database design: F.L., L.C., M.H. K.K., I.C., C.Z.;
data acquisition: F.L., L.C., M.H. J.G., N.D.B. C.N., M.d.L., N.K.;
data entry: F.L., L.C., K.K. I.C., C.Z., J.G., C.N.; data analyses: L.C.
F.L., K.K., J.G., A.E.; drafting and revision of article: all authors;
final approval of published version: all authors.
Funding. WWF, GEF, TNC, UNEP-WCMC, European Union Biopama
project, IUCN, The Biodiversity Indicators Partnership, The German
Federal Agency for Nature Conservation (BfN), The Oxford Martin
School, University of Oxford, University of Queensland, the Danish
National Research Foundation and the University of Copenhagen.
Competing interests. We declare we have no competing interests.
Acknowledgements. We thank the thousands of people who have col-
lected PAME data from around the world since the 1990s and who
have entered it into a global database. Thanks also to two anon-
ymous reviewers for their very helpful thoughts on the manuscript.References1. Convention on Biological Diversity. 2010 Strategic
plan for biodiversity 2011–2020 - COP 10, decision
X/2. Montreal, Canada: Convention on Biological
Diversity.
2. Tittensor DP et al. 2014 A mid-term analysis of
progress toward international biodiversity targets.
Science 346, 241–244. (doi:10.1126/science.
1257484)
3. Juffe-Bignoli D et al. 2014 Protected planet report
2014, 80. Cambridge, UK: UNEP-World Conservation
Monitoring Centre.
4. Butchart SHM et al. 2010 Global biodiversity:
indicators of recent declines. Science 328,
1164–1168. (doi:10.1126/science.1187512)
5. Craigie ID, Baillie JEM, Balmford A, Carbone C, Collen B,
Green RE, Hutton JM. 2010 Large mammal population
declines in Africa’s protected areas. Biol. Conserv. 143,
2221–2228. (doi:10.1016/j.biocon.2010.06.007)
6. Geldmann J, Barnes M, Coad L, Craigie ID, Hockings
M, Burgess ND. 2013 Effectiveness of terrestrial
protected areas in reducing habitat loss and
population declines. Biol. Conserv. 161, 230–238.
(doi:10.1016/j.biocon.2013.02.018)
7. Kapos V et al. 2009 Outcomes, not implementation,
predict conservation success. Oryx 43, 336–342.
(doi:10.1017/S0030605309990275)8. Venter O et al. 2014 Targeting global protected area
expansion for imperiled biodiversity. PLoS Biol. 12,
e1001891. (doi:10.1371/journal.pbio.1001891)
9. Butchart SHM et al. 2015. Shortfalls and solutions
for meeting national and global conservation area
targets. Conserv. Lett. (doi:10.1111/conl.12158)
10. World Conservation Monitoring Centre. 2014
World database on protected areas. Cambridge, UK:
WCMC.
11. Convention on Biological Diveristy. 2010 COP 10
decision X/31. Nagoya, Japan: Convention on
Biological Diversity.
12. Coad L et al. 2013 Progress towards the CBD
protected area management effectiveness targets.
Parks 19, 13–24. (doi:10.2305/IUCN.CH.2013.
PARKS-19-1.LC.en)
13. Hockings M, Phillips A. 1999 How well are we
doing? – some thoughts on the effectiveness of
protected areas. Parks 9, 5–14.
14. Leverington F, Costa KL, Pavese H, Lisle A, Hockings
M. 2010 A global analysis of protected area
management effectiveness. Environ. Manage. 46,
685–698. (doi:10.1007/s00267-010-9564-5)
15. Mascia MB et al. 2014 Commonalities and
complementarities among approaches to
conservation monitoring and evaluation. Biol.Conserv. 169, 258–267. (doi:10.1016/j.biocon.2013.
11.017)
16. Ferraro PJ, Pattanayak SK. 2006 Money for nothing?
A call for empirical evaluation of biodiversity
conservation investments. PLoS Biol. 4, e105.
(doi:10.1371/journal.pbio.0040105)
17. Ferraro PJ. 2009 Counterfactual thinking and impact
evaluation in environmental policy. New Dir. Eval.
2009, 75–84. (doi:10.1002/ev.297)
18. Hockings M, Stolton S, Leverington F, Dudley N,
Courrau J. 2006 Evaluating effectiveness: a
framework for assessing management effectiveness
of protected areas, 2nd edn. Gland, Switzerland and
Cambridge, UK: IUCN.
19. Weiss C. 1995 Nothing as practical as good theory:
exploring theory-based evaluation for comprehensive
community initiatives for children and families. In
New approaches to evaluating community initiatives
(eds J Connell, A Kubisch, L Schorr, C Weiss),
pp. 65–92. Washington, DC: Aspen Institute.
20. Kellogg Foundation WK. 2004 Using logic models to
bring together planning, evaluation, and action: logic
model development guide, 72. Battle Creek, MI: WK.
Kellogg Foundation.
21. Patton MQ. 2008 Utilization-focused evaluation,
4th edn. Thousand Oaks, CA: Sage Publications.
rstb.royalsocietypublishing.org
Phil.Trans.R.Soc.B
370:20140281
10
 on October 12, 2015http://rstb.royalsocietypublishing.org/Downloaded from 22. Olson DM et al. 2001 Terrestrial ecoregions of the
world: a new map of life on Earth. Bioscience 51,
933–938. (doi:10.1641/0006-3568(2001)051
[0933:teotwa]2.0.co;2)
23. Likert R. 1932 A technique for the measurement of
attitudes. Arch. Psychol. 140, 1–55.
24. Stolton S, Hockings M, Dudley N, MacKinnon K,
Whitten T. 2007 Reporting progress in protected
areas. A site-level management effectiveness tracking
tool: second edition. Gland, Switzerland: World
Bank/WWF Forest Alliance.
25. Growcock AJ, Sutherland EF, Stathis PT. 2009
Challenges and experiences in implementing a
management effectiveness evaluation program in a
protected area system. Aust. J. Environ. Manage. 16,
218–226. (doi:10.1080/14486563.2009.9725237)
26. Ervin J. 2002 WWF: rapid assessment and
prioritization of protected area management
(RAPPAM) methodology. Gland, Switzerland: WWF.
27. Belokurov A et al. 2009 New resources for assessing
the effectiveness of management in protected
areas – a requirement of the CBD programme of
work on protected areas. Oryx 43, 14.
28. Stoll-Kleemann S. 2010 Evaluation of management
effectiveness in protected areas: methodologies and
results. Basic Appl. Ecol. 11, 377–382. (doi:10.
1016/j.baae.2010.06.004)
29. Craigie ID, Barnes MD, Geldmann J, Woodley S.
2015 International funding agencies: potential
leaders of impact evaluation in protected areas?
Phil. Trans. R. Soc. B 370, 20140283. (doi:10.1098/
rstb.2014.0283)
30. Zimsky M, Cavelier J, Ferraro PJ, Joshi A, Krishnan P,
Mee J, Sekhran N. 2012 Results of the GEF
biodiversity portfolio monitoring and learning review
mission, India, 55. Washington, DC: Global
Environmental Facility.
31. Zimsky M, Ferraro PJ, Mupemo F, Robinson J,
Sekhran N. 2010 Results of the GEF biodiversity
portfolio monitoring and learning review mission,
Zambia, 51. Washington, DC: Global Environmental
Facility.
32. Parks Victoria. 2007 Victoria’s state of the parks
report. Victoria, Australia: Parks Victoria.
33. Hockings M, Cook C, Carter R, James R. 2009
Accountability, reporting, or management
improvement? Development of a state of the parks
assessment system in New South Wales, Australia.
Environ. Manage. 43, 1013–1025. (doi:10.1007/
s00267-009-9277-9)
34. Korean National Parks Service. 2009 Korea’s
protected areas: evaluating the effectiveness of South
Korea’s protected areas system. Seoul, Korea: Korean
National Parks Service.
35. Heinonen M. 2006 Case study V: management
effectiveness evaluation of Finland’s protected areas.
In Evaluating effectiveness: a framework for
assessing the management of protected areas (eds
M Hockings, S Stolton, N Dudley, F Leverington,
J Courrau), 2nd edn, pp. 73–78. Gland,
Switzerland: IUCN.
36. Directorate for Conservation of Area and Fish
Species. 2012 Technical guidelines for evaluating themanagement effectiveness of aquatic, coasts and
small islands conservation areas (E-KKP3 K), 61.
Jakarta, Indonesia: Directorate for Conservation of
Area and Fish Species, Directorate General of
Marine, Coasts and Small Islands, Ministry of Marine
Affairs and Fisheries.
37. Carranza T, Manica A, Kapos V, Balmford A.
2014 Mismatches between conservation
outcomes and management evaluation in
protected areas: a case study in the Brazilian
Cerrado. Biol. Conserv. 173, 10–16. (doi:10.1016/
j.biocon.2014.03.004)
38. Henschel P, Coad L, Burton C, Chataigner B, Dunn A,
MacDonald D, Saidu Y, Hunter LTB. 2014 The lion in
west Africa is critically endangered. PLoS ONE 9,
e83500. (doi:10.1371/journal.pone.0083500)
39. Great Barrier Reef Marine Park Authority. 2014 Great
barrier reef outlook report 2014. Townsville,
Australia: Great Barrier Reef Marine Park Authority.
40. Mwangi MAK et al. 2010 Tracking trends in key sites
for biodiversity: a case study using important bird
areas in Kenya. Bird Conserv. Int. 20, 215–230.
(doi:10.1017/s0959270910000456)
41. Nolte C, Agrawal A. 2013 Linking management
effectiveness indicators to observed effects of
protected areas on fire occurrence in the Amazon
rainforest. Conserv. Biol. 27, 155–165. (doi:10.
1111/j.1523-1739.2012.01930.x)
42. Nolte C, Agrawal A, Barreto P. 2013 Setting
priorities to avoid deforestation in Amazon
protected areas: are we choosing the right
indicators? Environ. Res. Lett. 8, 015039. (doi:10.
1088/1748-9326/8/1/015039)
43. Walker Z, Walker P. 2009 The status of protected
areas in Belize, 236. Belize: Wildtracks.
44. Zimsky M, Ferraro PJ, Mupemo F, Robinson J,
Sekhran N. 2010 Results of the GEF biodiversity
portfolio monitoring and learning review mission,
Zambia, 51. Washington, DC: Global Environmental
Facility.
45. Carbutt C, Goodman PS. 2013 How objective are
protected area management effectiveness
assessments? A case study from the iSimangaliso
Wetland Park. Koedoe 55, pArt. #1110. (doi:10.
4102/koedoe.v55i1.1110)
46. Cook CN, Hockings M. 2011 Opportunities for
improving the rigor of management
effectiveness evaluations in protected areas.
Conserv. Lett. 4, 372–382. (doi:10.1111/j.1755-
263X.2011.00189.x)
47. Loh J, Green RE, Ricketts T, Lamoreux J, Jenkins M,
Kapos V, Randers J. 2005 The Living Planet Index:
using species population time series to track trends
in biodiversity. Phil. Trans. R. Soc. B 360, 289–295.
(doi:10.1098/rstb.2004.1584)
48. Pauly D. 2007 The Sea Around Us Project:
documenting and communicating global fisheries
impacts on marine ecosystems. Ambio 36,
290–295. (doi:10.1579/0044-7447(2007)36[290:
TSAUPD]2.0.CO;2)
49. Hansen MC et al. 2013 High-resolution global maps
of 21st-century forest cover change. Science 342,
850–853. (doi:10.1126/science.1244693)50. Andam KS, Ferraro PJ, Pfaff A, Sanchez-Azofeifa GA,
Robalino JA. 2008 Measuring the effectiveness of
protected area networks in reducing deforestation.
Proc. Natl Acad. Sci. USA 105, 16 089–16 094.
(doi:10.1073/pnas.0800437105)
51. Nelson A, Chomitz KM. 2011 Effectiveness of strict
vs. multiple use protected areas in reducing tropical
forest fires: a global analysis using matching
methods. PLoS ONE 6, e22722. (doi:10.1371/journal.
pone.0022722)
52. Karanth K. 2002 Limits and opportunities in wildlife
conservation. In Making parks work: strategies for
preserving tropical nature (eds J Terborgh, C Van
Schaik, L Davenport, M Rao), pp. 189–202.
Washington, DC: Island Press.
53. Karanth K, Sunquist M, Chinnapa K. 1999 Long-
term monitoring of tigers: lessons from Nagarahole.
In Riding the tiger: tiger conservation in human-
dominated landscapes (eds J Seidensticker,
S Christie, P Jackson), pp. 114–122. Cambridge,
UK: Cambridge University Press.
54. Watson JEM, Dudley N, Segan DB, Hockings M. 2014
The performance and potential of protected areas.
Nature 515, 67–73. (doi:10.1038/nature13947)
55. Stem C, Margoluis R, Salafsky N, Brown M. 2005
Monitoring and evaluation in conservation: a review
of trends and approaches. Conserv. Biol. 19,
295–309. (doi:10.1111/j.1523-1739.2005.00594.x)
56. Cleaver-Christie G. 2014 Case study 28.4. The value
of assessing management effectiveness of protected
areas: the Western Cape Nature Conservation Board,
South Africa. In Protected area governance and
management (eds GL Worboys, M Lockwood,
A Kothari, S Feary, I Pulsford), pp. 920–921.
Canberra, Australia: ANU Press.
57. Biggs HC, Breen C, Slotow R, Freitag S, Hockings M.
2011 How assessment and reflection relate to more
effective learning in adaptive management. Koedoe
53, pArt. #1001.
58. Jacobson C, Carter RW, Hockings M, Kelman J. 2011
Maximising conservation evaluation utillisation.
Evaluation 17, 53–71. (doi:10.1177/
1356389010389903)
59. Stathis P, Jacobson C. 2009 Institutionalising
adaptive management: creating a culture of
learning in New South Wales Parks and Wildlife
Service. In Adaptive environmental management: a
practitioner’s guide (eds C Allan, GH Stankey), pp.
305–321. Berlin, Germany: Springer
ScienceþBusiness Media.
60. Balmford A, Gaston KJ, Blyth S, James A, Kapos V.
2003 Global variation in terrestrial conservation
costs, conservation benefits, and unmet
conservation needs. Proc. Natl Acad. Sci. USA 100,
1046–1050. (doi:10.1073/pnas.0236945100)
61. Joppa LN, Pfaff A. 2011 Global protected area
impacts. Proc. R. Soc. B 278, 1633–1638. (doi:10.
1098/rspb.2010.1713)
62. Clements T, Milner-Gulland EJ. 2015 Impact of
payments for environmental services and protected
areas on local livelihoods and forest conservation in
northern Cambodia. Conserv. Biol. 29, 78–87.
(doi:10.1111/cobi.12423)
